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Abstract 
Aiming at the current situation in China with vast territory, diverse climate, and a big difference on thermal 
adaptation of the indoor thermal environment among the people in different regions , the paper analyzes the typical 
model research of thermal adaptation, and points out the features of three representative models and the ignored 
reason of physiological thermal adaptation, summarizes some results on field studies of thermal adaptation in China, 
induces three research directions about physiological indexes selection research, physiological thermal adaptation 
research and multivariate evaluation model research of thermal comfort based on the physical, psychological and 
behavioral adjustments. The paper proposes to explain the differences of physiological thermal adaptation in these 
different climatic regions and to further finds out the relations between all these differences and the physiological 
indexes. The goal is to establish physiological index to evaluate thermal comfort and to perfect the climate 
adaptation model which can give some advises to the architecture designers on how to realize the comfortable and 
energy-saving thermal environment. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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Currently, there are two ways to obtain comfortable building thermal environment, one of which is PMV model 
based on artificial climate experimental results and the heat balance of human[1]. The contribution made by PMV 
model is to provide a scientific basis for human society to create a comfortable artificial environment. But the model 
provides a relatively narrow comfort zone, thinking that through rational combination of environmental indicators, it 
can make the human thermal sensation neutral, and then the human thermal sensation and thermal comfort are the 
same. But the narrow comfort zone limits the free ability of the passive regulation, only to guide the direction of 
architectural design to the high energy consumed air-conditioned buildings. The other way, climate adaptation 
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model based on field research thinks that adaptation is part of the human thermal comfort system of self-regulation. 
Climate adaptation model should consider human’s behavior, physiological, and psychological adjustment, so that 
the thermal comfort is becoming a process of dynamic system. Additionally, as is shown in a large number of 
thermal comfort studies in field, there are great differences between in the actual thermal sensation vote and PMV 
predictions of thermal environment indoor, and the range of human comfort from the measured temperature region 
is wider than the PMV regression model. Although the studies on thermal comfort field have been all over the world 
including in different climatic regions in China, and they are more suitable for actual thermal sensation of people, 
they have some obvious limitations, because the existing studies pay more attention to the influence of behavior and 
psychological adjustment regulation on human thermal comfort, but ignoring the physiological role of thermal 
adaptation. To address this problem, this article will discuss the following aspects:(1)Summarizing model of climate 
adaptation and the problems;(2) Giving an analysis and summary of the current status of physiological adaptation;(3) 
Giving a summary of the research about thermal physiological adaptation. Through the above analysis, the aim is to 
improve the adaptation model, which has a profound meaning to research and explore how to get comfortable and 
healthy building thermal environment and energy and guide the architects to get comfort and energy of the thermal 
environment. 
1. Climate  Adaptation  Model  
Climate adaptation model is that investigators take account for the difference between thermal comfort studies 
and research results given by the experiment. The three representative models are Fanger and Toftum model, 
HumPreys and Nicol model and Brager and de Dear model. Fanger and Toftum establish the desired correction 
factor to amend PMV model, and expectation factor is determined by climate and building; HumPreys and Nicol 
think when feeling uncomfortable, people will have a variety of responses including physiology, psychology, culture, 
society and so on; Brager and de Dear give three ways about thermal adaption, namely behavioral regulation, 
physiological, psychological adaptation. 
2. Climate Adaptation Model Based on Field Studies Under Buildings Environment  
Studying on thermal comfort fields began in 1993, Tan Fujun [2]for the first time in the cold regions to carried 
out the office of indoor thermal environment and comfort in winter; In the summer of 1998, Xia Yizai [3]from 
Tsinghua University made field tests and questionnaires for Beijing natural ventilation buildings about thermal 
comfort. Subsequently, thermal comfort research covered most of the eastern regions of China, but the field research 
of thermal comfort was still in the blank area in most of the western regions in China.  
Most of the field studies in China follow the traditional methods of field studies abroad, which can get neutral 
temperature and acceptable temperature range under different climatic conditions of a certain city or a certain region. 
According to the survey of five major cities, Yang Liu[4] established a linear relationship between neutral 
temperature and outdoor air temperature which is based on Chinese population in 2003, and became the benchmark 
for each climate zone design considerations when making passive designing. Mao Yan[5]selected five different 
climatic zones in China as a typical representative field of thermal comfort studies, and established the 
implementation of climate adaptation method for thermal comfort theory, namely found the relationship between 
indoor thermal comfort and major outdoor climate changes, finally got climatic adaptation model on the basis of 
different climatic regions as follow table 1. 
Table 1. Climate adaptation model in China 
Climatic regions  Tn R 
Severe cold regions  Tn=0.121t0+21.488 R=0.804 
Cold regions Tn=0.271t0+20.014 R=0.894 
hot in summer and cold in winter regions Tn=0.326t0+16.826 R=0.907 
Hot Summer and Warm Winter regions Tn=0.554t0+10.578 R=0.973 
Temperate regions Tn=0.517t0+11.166 R=0.879 
1782   Yufan Lin et al. /  Procedia Engineering  121 ( 2015 )  1780 – 1787 
 
 
Yan Haiyan[6] selected four parameters for model which have the greatest impact on human thermal comfort: 
temperature, vapor pressure, solar radiation and wind speed as the independent variable, neutral temperature for 
each climate zone as the dependent variables, respectively studied the correlation between the independent and the 
variable dependent. Figure 1 is each scatter plot and regression curve in meteorological parameters for a dry and 
cold dry heat neutral temperature and the outdoor area. 
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Fig. 1. The scatter plot and regression curve between neutral temperature and the outdoor meteorological parameters in hot and dry region and 
cold and dry region 
Then under the different climatic factors, what about the relation between neutral temperature and outdoor 
temperature? Yan Haiyan[6] found that the relationship between neutral temperature and outdoor temperature under 
different h follows: umidity and different wind speed was as table 2 and table3. 
Table 2. The relationship between neutral temperature and outdoor temperature under different humidity 
Different humidity Tn R 
Low humidity Tn=0.011Trm2-0.027Trm+18.96 R=0.8386 
High humidity Tn=-0.018Trm2+1.247Trm+5.963 R=0.9235 
 
Table 3. The relationship between neutral temperature and outdoor temperature under different wind speed 
Different wind speed Tn R 
The average of low wind speed Tn=-0.072Trm2+5.06Trm-57.64 R=0.7591 
The average of high wind speed Tn=0.022Trm2-0.594Trm+26.50 R=0.6928 
 
The climate adaptive model based on field studies shows the relation between outdoor climate and building 
thermal neutral temperature environment, revealed that the crowd realized the environment interaction through the 
behavior adjustment and mental adaptation. But the physiological heat acclimation is denied. The reasons are as  
Firstly, the adaptation model focuses on the factors that can establish functional relation with thermal neutral 
temperature. It stresses the results and ignores to reveal the mechanism of internal factors on them, especially on the 
physiological thermal acclimation mechanism. Secondly, it is not enough for the revelation on the differences about 
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thermal acclimation temperature area and the adaptation mechanism. However, if we ignore the physiological 
thermal adaptation, it is difficult to explain the true situation in reality. Facts have proved when you are comfortable, 
you don’t need to change the state by any way; oppositely, when you feel uncomfortable, you often try your best to 
resume a comfortable state by the physical, psychological, and behavioral feedback from a variety of interactions 
with the environment[7]. 
3. Studies on physiological thermal adaptation 
Currently, the studies on physiological thermal adaptation mainly focus on three aspects.  
The first is the research on physiological indicators. There are many physiological indicators and which one is 
relative to thermal comfort? Therefore, the domestic and foreign scholars found that the skin temperature changes 
obviously when the environment temperature and other environment factors change[7,10] And it’s more similar to 
TSV and thermal comfort[8,9]. Moreover, the skin temperature of different parts in the body was different with 
similarity of thermal comfort. What’s more, some physiological indexes also had much correlation with 
environmental parameters and thermal comfort. For example, Sensory nerve conduction velocity (SCV) and motor 
nerve conduction velocity (MCV) had much correlation with environmental temperature and air velocity; the rate of 
metabolism had apparent differences when put in the colder and comfortable environment. There were correlations 
in EEG and TSV; The heart rate, heart rate variability, oxygen saturation, and fingertip blood flow was not only 
sensitive to environment temperature, but also could be used to measure the thermal comfort and thermal 
sensation[9-13].  
The second is to research on body thermal comfort by physiological indexes. In China, the studies on 
physiological thermal adaptation had been developed and the main achievements were[7,10-16]: (1)People who had 
different indoor thermal experiences had different tolerance to coldness and hotness, reflecting on the differences in 
skin temperature regulating speed and so on;(2)The physiological indexes wound show a series of response 
characteristics when the thermal environment changes, showing that along with the changing process of the 
operation temperature;(3)Coming up with the mean skin temperature as the rationality of objective evaluation of 
thermal comfort and determining the average temperature on thermal comfort level;(4)Studying the proportion of 
different parts of the human body sweating, analyzing the corresponding relationship between the anti-sweating 
sense and surface resistance. 
In foreign countries, Joo Young Lee [17,18]found that the people in warm and hot regions had differences on 
skin thermal sensation. The people in hot regions had obviously broader feelings on skin thermal sensation; Michael 
[19] studied the relationship between brain activities and thermal sensation. Druyan [20] through the maximal rectal 
temperature critical (TC) value distinguished the heat tolerance and heat intolerant; Marie-Andree[21]found that the 
cold induced tremor could be controlled by heating the role of skin; Damien Fournet [22]found the regulation of 
physiological body temperature of male and female in the cold season;Wouter[23]found that when exposed to cold 
environment, the chattering could produce 5 times more the new supersedes the old rate; Lisle[24]found that local 
skin temperature of the human body and the local thermal sensation would affect the thermal comfort of the body; 
Joao [25] analyzed the thermostat photos of both male and female in Brazil ,and analyzed the standard of thermal 
model different groups to ensure the too cold and the too hot regions; Nicola [26]found that the local skin moist and 
partial charged skin conductance were good prediction indexes; Christel[27]found that the temperature of the wrist 
skin could predict the heat very well.  
The third is establishing the thermal comfort evaluation model based on physiology, psychology and behavior. 
The concrete process was: selecting the dependent variable related thermal comfort to establish a causal path model, 
and selecting the appropriate regression models to estimate the path coefficient and test whether it’s significant, 
deleting the insignificant, recalculating the path coefficient, and establishing the evaluation model finally[14]. 
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4. Discussion 
While the existing studies on physiological thermal adaptation make up for the standpoint that the thermal 
comfort model simply attributes the indoor thermal neutral temperature to the influence of outdoor climate, 
revealing the influence mechanism of the physiological thermal adaptability on thermal comfort. But the researches 
are not systematically deep in this respect .Because the mechanism of the physiological thermal adaptation about 
human thermal comfort is not revealed clearly. Presently summarizes as follows: 
How to completely and systematically reveal the differences on physiological thermal adaptation in different 
climatic regions. Although in China, there are quite a number of researches based on the scene of the thermal 
comfort, and the climate adaptation model has been established already, there is still no explanation why the people 
coming from different climatic regions can show different physical thermal adaptability. Currently, the thermal 
physiological studies are restricted in the minority areas of China and have not formed a complete and systematic 
conclusion yet. 
How to reveal whether the human under different climatic regions will form different temperature zones? How 
can we reflect the difference aiming to different adaptive temperature regions through physiological index? Yu Juan 
[7] thinks that when the body was in appropriate temperature zone, physiological adaptation has significant 
influence on human subjective thermal reaction. However, the researches in this area are still not sufficient. For 
example, how to characterize this threshold about adaption temperature area in the perspective of physiological 
indexes? What physiological indexes can express this threshold? How does the body temperature adapt to 
physiological adaptation adjustment in this area? Figure2 is environment temperature on human physiological 
influence. Figure3 is human temperature regulation. 
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Fig. 2. Environment temperature on human physiological influence 
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Fig. 3. Human temperature regulation 
The current researches focus on the influence between the indoor environmental parameters and human 
physiological thermal adaptability, and then do the outdoor environment parameters influence physiological 
adaptation? Cao Bin[28-30]studied adaptive differences of the people for partial heat and cool environment from 
different regions and climatic zones. The studies showed that the outdoor environment had effect on the human 
body's thermal adaptation, but we also need to explain the internal mechanism from the physiological adaptation 
perspective. That is, how do the temperature threshold of human adaptation change when the outdoor environment 
varies? What physiological index can explain the differences of temperature threshold? 
Zhang Yufeng[31] thinked that climate adaptation model based on the objective observation but its problem 
becomes more and more apparent, because it fails to explain the connection between the input and output which 
requires demonstration by the internal mechanism and principle.The idea to improve it is to reveal the mechanism 
between the thermal environment and thermal comfort, to evaluate the thermal comfort with physiological indices, 
so as to make it better to guide the architects’ design in energy saving, to eventually realize the comfortable and 
energy saving thermal environment of buildings. 
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